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$EVWUDFW $ SURFHGXUH IRU WKH IRUPDWLRQ RI DU\O DPLGHV
WKURXJK WKH SDOODGLXP-FDWDO\]HG FRXSOLQJ RI QLWULOHV DQG DU\O
EURPLGHV YLD WKH IRUPDWLRQ RI LQWHUPHGLDU\ VLODQRDWH GHULYHG
LPLGDWH VSHFLHV LV UHSRUWHG 2SWLPL]DWLRQ DQG H[HPSOLILFDWLRQ
RI WKH SURFHVV LV GHVFULEHG IXUQLVKLQJSURGXFWV LQXS WR 
LVRODWHG\LHOG 
.H\ ZRUGV $PLGDWLRQ SDOODGLXP FDWDO\VLV QLWULOHV
K\GURO\VLV 
7KHDPLGHIXQFWLRQDOJURXSLVSHUYDVLYHZLWKLQQDWXUH
DQG PHGLFLQDO FKHPLVWU\ EHLQJ FRPPRQO\
HQFRXQWHUHG LQ SHSWLGH ERQGV LQ SURWHLQV DQG VPDOO
PROHFXOHV GUXJV UHVSHFWLYHO\ :LWKLQ PHGLFLQDO
FKHPLVWU\WKHIRUPDWLRQRIDPLGHERQGVLVRQHRIWKH
PRVW IUHTXHQWO\ SHUIRUPHG UHDFWLRQV DQG DV VXFK
PLOG FRQGLWLRQV HQDEOLQJ WKH HIILFLHQW V\QWKHVLV RI
DPLGHV DUH RI JUHDW LPSRUWDQFH LQ WKLV VHWWLQJ
$FFRUGLQJO\DZLGHYDULHW\RIPHWKRGVDQGUHDJHQWV
KDYH EHHQ UHSRUWHG KRZHYHU WKHVH FDQ KDYH
FRQVLGHUDEOH GUDZEDFNV OLPLWLQJ WKHLU HIIHFWLYH XVH
SDUWLFXODUO\ ZLWK UHJDUG WR DWRP HFRQRP\ DQG
VXVWDLQDELOLW\- +DYLQJ VWDWHG WKLV LQ UHFHQW \HDUV
PHWKRGV KDYH EHHQ GHYHORSHG DOORZLQJ DPLGH
FRQGHQVDWLRQV WR EH SHUIRUPHG FDWDO\WLFDOO\- DV DQ
DOWHUQDWLYH WR WKH PRUH WUDGLWLRQDO VWRLFKLRPHWULF
DSSURDFKHV 
,QUHODWLRQWRWKLVLPSRUWDQWREMHFWLYHDQGFRQWLQXLQJ
D SURJUDP IRFXVHG RQ FDWDO\WLF PHWKRGV RI DPLGH
ERQGIRUPDWLRQZHZHUHLQWHUHVWHGLQGHYHORSLQJD




%DVHG RQ WKLV FDWDO\WLF PHWKRGV RI SUHSDULQJ VXFK
VXEVWUDWHV LV FOHDUO\ D ZRUWKZKLOH PHDQV RI HQDEOLQJ
DFFHVVWRWKLVKLJKO\LPSRUWDQWFODVVRIFRPSRXQG 
([DPLQDWLRQ RI WKH OLWHUDWXUH LQGLFDWHG WKDW QLWULOH
GHULYDWLYHV FRXOG EH FRPSHWHQWO\ FRQYHUWHG LQWR WKH
FRUUHVSRQGLQJ SULPDU\ DPLGH SURGXFW YLD DQ
LQWHUPHGLDWHVDOW6FKHPHWKURXJKUHDFWLRQZLWK
SRWDVVLXP WULPHWK\OVLODQRODWH %\ DQDORJ\ ZLWK WKH
3G-FDWDO\]HG V\QWKHVLV RI DQLOLQH GHULYDWLYHV ZLWK
/L+0'6 ZH UHDVRQHG WKDW UHDJHQWV RI WKLV W\SH
FRXOG SDUWLFLSDWH LQ D %XFKZDOG-+DUWZLJ FRXSOLQJ








ZRXOG EH FRPSOLPHQWDU\ WR IRU H[DPSOH FRSSHU-
PHGLDWHG DU\ODWLRQ RI SULPDU\ DQG VHFRQGDU\ DPLGH
GHULYDWLYHV,QWKLVSXEOLFDWLRQZHZLVKWRUHSRUWRXU
HIIRUWV DW HQDEOLQJ WKLV XVHIXO WUDQVIRUPDWLRQ DQG
SURYLGHGHWDLOVRILWVVFRSHDQGOLPLWDWLRQVDVZHOODV





OLJDQGV DQG VROYHQWV WR VFUHHQ FRQGLWLRQV LQ D PRGHO
UHDFWLRQ EXLOGLQJ RQ HVWDEOLVKHG SUHFHGHQW IRU WKH
FRXSOLQJ RI DU\O EURPLGHV &RQGLWLRQV LQ WKH
DEVHQFH RI EDVH ZHUH DOVR DVVHVVHG WR H[DPLQH
ZKHWKHU WKHQHJDWLYH FKDUJH UHVLGLQJRQ WKHQLWURJHQ
RIWKHLQWHUPHGLDWHZDVVXIILFLHQWWRDOORZWKHUHDFWLRQ
WR SURFHHG EDVHG RQ SUHFHGHQFH HVWDEOLVKHG ZLWK
/L+0'6 7KH SDOODGLXP FDWDO\VW 3GGED ZDV
VHOHFWHG IRU XVH LQ DOO VFUHHQLQJ UHDFWLRQV VR DV WR
DYRLGWKHQHFHVVDU\UHGXFWLRQRI3G,,FDWDO\VWVDWDQ
LQLWLDO ORDGLQJ RI  PRO )URP WKLV VWXG\ LW ZDV
GHWHUPLQHGWKDWWKHSDOODGLXPFDWDO\]HGFRQYHUVLRQRI
WKH EHQ]RQLWULOH DGGXFW  WR DQLOLGH  FRXOG EH
DFKLHYHG DV VKRZQ LQ 6FKHPH  SURYLGLQJ SURRI RI
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Scheme 2 aconversion determined by HPLC. Further details in 
Supporting Information. 
+DYLQJ HVWDEOLVKHG WKH IHDVLELOLW\ RI DFKLHYLQJ WKLV
WUDQVIRUPDWLRQDOEHLWLQUHODWLYHO\ORZFRQYHUVLRQZH
QH[WVRXJKWWRRSWLPL]HWKHSURFHVVLQRUGHUWRUHQGHU
WKLV DSSURDFK WR IRUPLQJ DPLGH ERQGV DQ DWWUDFWLYH
DOWHUQDWLYHWRH[LVWLQJVWRLFKLRPHWULFPHWKRGV:HKDG
SUHYLRXVO\XVHG WKHVWDWLVWLFDO WHFKQLTXHRI'HVLJQRI
([SHULPHQWV 'R( DV DQ H[SHGLHQW PHDQV RI
RSWLPL]LQJ DPLGH ERQG IRUPLQJ SURFHVVHV WKHUHIRUH
WKLV DSSURDFK ZDV DSSOLHG LQ WKH FXUUHQW VWXG\
$FFRUGLQJO\ D KDOI-IUDFWLRQDO WZR-OHYHO IDFWRULDO
GHVLJQ ZDV XWLOL]HG H[DPLQLQJ WKH IROORZLQJ
YDULDEOHV HTXLYDOHQWV RI EDVH  ±  HT FDWDO\VW
ORDGLQJ±PROOLJDQGORDGLQJ±PRO
FRQFHQWUDWLRQ0±0DQGWHPSHUDWXUH±
 & 7DEOH  7ZR FHQWHU SRLQW UHDFWLRQV ZHUH
DOVR SHUIRUPHG WR DOORZ HVWLPDWLRQ RI HUURU DQG
YDULDELOLW\ DVVRFLDWHG ZLWK WKH SURFHVV 7DEOH 
(QWULHVDQG 
,QLWLDO LQVSHFWLRQ RI WKH GDWD JHQHUDWHG LQ 7DEOH 
LQGLFDWHG WKDW WKH RSWLPXP FRQGLWLRQV IRU WKH
IRUPDWLRQRIYLDD%XFKZDOG-+DUWZLJDSSURDFKZDV
WKURXJK WKH XVH RI ;3KRV DQG 3GGED ERWK DW D
ORDGLQJ RI  PRO ZLWKRXW WKH UHTXLUHPHQW IRU
H[RJHQRXV EDVH DQG DW D FRQFHQWUDWLRQ RI  0
DIIRUGLQJ  LQ  FRQYHUVLRQ 7DEOH  (QWU\ 
&ORVHU H[DPLQDWLRQ RI WKH GDWD WKURXJK WKH XVH RI D
UHVSRQVH VXUIDFH )LJXUH  LPSOLHG WKDW WKH PRVW
LPSRUWDQW IDFWRUV DIIHFWLQJ WKH FRQYHUVLRQ ZHUH ERWK
FDWDO\VW DQG OLJDQG ORDGLQJ 7KH RWKHU SDUDPHWHUV
VWXGLHG LQ WKHH[SHULPHQWDOGHVLJQZHUHQRW IRXQG WR
LQIOXHQFH WKH FRQYHUVLRQ RYHU WKH UDQJHV VWXGLHG
3OHDVLQJO\ WKH LVRODWHG \LHOG XVLQJ WKH RSWLPXP
FRQGLWLRQVZDVGHWHUPLQHG WREH7DEOHHQWU\
 :H EHOLHYH WKDW WKH GLVFUHSDQF\ EHWZHHQ WKH
VROXWLRQ FRQYHUVLRQ FDOFXODWHG DQG LVRODWHG \LHOG
REWDLQHG FDQ EH DWWULEXWHG WR WKH VRPHZKDW OLPLWHG
VROXELOLW\RIWKHSURGXFWLQWKHUHDFWLRQPLOLHX 
:LWK RSWLPDO FRQGLWLRQV IRU WKH SDOODGLXP PHGLDWHG
DU\ODWLRQRIWKHLPLGDWHGHULYDWLYHLQKDQGWKHQH[W
SKDVHRIRXU VWXG\ IRFXVHGRQHVWDEOLVKLQJ WKH VFRSH
DQGOLPLWDWLRQVRIWKLVQDVFHQWSURFHVV7DEOH7KH
UHTXLVLWH LPLGDWH GHULYDWLYHV ZHUH LQ HDFK FDVH
SUHSDUHG DFFRUGLQJ WR WKH SURFHGXUH SUHYLRXVO\






















1 1.25 12.5 12.5 0.15 80 28 
2 1.25 12.5 12.5 0.15 80 25 
3 0 5 20 0.20 100 14 
4 2.5 20 5 0.20 60 2 
5 0 20 5 0.10 60 3 
6 0 20 5 0.20 100 16 
7 0 5 20 0.10 60 0 
8 2.5 20 20 0.20 100 51 
9 0 20 20 0.10 100 59 
10 2.5 5 5 0.10 60 0 
11 2.5 20 5 0.10 100 11 
12 2.5 5 5 0.20 100 1 
13 2.5 20 20 0.10 60 24 
14 0 20 20 0.20 60 20 
15 2.5 5 20 0.10 100 7 
16 0 5 5 0.20 60 0 
17 2.5 5 20 0.20 60 1 
18 0 5 20 0.10 100 1 
a Conversion determined by HPLC using an internal standard. See 
supporting information. 
 
Figure 2 Response surface for the half-fractional design. 
)RFXVLQJ RQ D EHQ]RQLWULOH GHULYHG LPLGDWH DV WKH
QXFOHRSKLOLF FRXSOLQJ SDUWQHU D UDQJH RI DU\O
EURPLGHVZHUHH[DPLQHGHQWULHV±$VGLVFXVVHG
SUHYLRXVO\ EURPREHQ]HQH SURYLGHG WKH DQLOLGH
SURGXFW LQ H[FHOOHQW \LHOG HQWU\  8VLQJ HLWKHU D
PRUH HOHFWURQ ZLWKGUDZLQJ HQWULHV  DQG  RU
HOHFWURQ GRQDWLQJ VXEVWLWXHQW HQWU\  UHVXOWV LQ
KLJKHU RU ORZHU \LHOGV RI WKH DPLGH SURGXFW
UHVSHFWLYHO\7KHUHODWLYHO\ORZHU\LHOGVREVHUYHGZLWK
DQHOHFWURQGRQDWLQJVXEVWLWXHQWLVLQNHHSLQJZLWKWKH
UHGXFHG SURSHQVLW\ WRZDUGV R[LGDWLYH DGGLWLRQ DQG
SHUKDSVLQGLFDWHVDSRWHQWLDOOLPLWDWLRQDVVRFLDWHGZLWK
WKH PHWKRGRORJ\ +DYLQJ VWDWHG WKLV WKH FXUUHQW
DSSURDFKVWLOOUHWDLQVWKHDGYDQWDJHRIEHLQJFDWDO\WLF
Ph OSiMe3







100 °C, 16 h2
17% conversiona
Ph OSiMe3
N  K Br Pd2(dba)3 (5 - 20 mol%)





K3PO4 (0 - 2.5 equiv)
1,4-dioxane, 16 h
60 - 100 °C, 0.1 - 0.2 M
2
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LQ QDWXUH DQG RIIHUV HIILFLHQW DFFHVV WR HOHFWURQ
GHILFLHQW DU\O DPLGHV ZKLFK IUHTXHQWO\ UHTXLUH PRUH
IRUFLQJFRQGLWLRQVHJXVHRIDFLGFKORULGHVIRUWKHLU
SUHSDUDWLRQ 7KLV REVHUYDWLRQ LV ERUQH RXW LQ WKH
V\QWKHVLV RI WKH KLJKO\ HOHFWURQ GHILFLHQW DQLOLGH 
ZKLFK ZRXOG DJDLQ UHTXLUH PRUH DJJUHVVLYH UHDJHQWV
VXFK DV DFLG FKORULGHV WR HQDEOH LWV SUHSDUDWLRQ IURP
WKHFRUUHVSRQGLQJDQLOLQH 
6XEMHFWLQJ -EURPREHQ]\O DOFRKRO WR RXU FRQGLWLRQV
IXUQLVKHG WKH FRUUHVSRQGLQJ DQLOLGH FRQWDLQLQJ DQ
DOGHK\GH PRLHW\ 7KH SDOODGLXP PHGLDWHG
R[LGDWLRQRIWKHSULPDU\EHQ]\OLFDOFRKROVLVDNQRZQ
SURFHVV ZKLFK DFFRXQWV IRU WKH IDFW WKDW WKH
DOGHK\GHSURGXFWZDVLVRODWHGLQWKLVLQVWDQFH 
7XUQLQJ RXU DWWHQWLRQ WR KHWHURF\FOLF DU\O EURPLGH
GHULYDWLYHV S\ULG\O V\VWHPV SURYHG WR EH FRPSHWHQW
VXEVWUDWHV IXUQLVKLQJ WKH DVVRFLDWHG EHQ]DPLGH
V\VWHPV LQJRRG WRH[FHOOHQW\LHOGV HQWULHVDQG
%\ FRQWUDVW KRZHYHUS-H[FHVVLYH KHWHURF\FOHV ZHUH
QRW FRPSDWLEOH ZLWK WKLV QHZO\ GHYHORSHG UHDFWLRQ
PDQLIROGHQWU\ 
:H QH[W H[DPLQHG DOWHUQDWLYH QLWULOH-EDVHG VWDUWLQJ
PDWHULDOVLQRUGHUWRIXUWKHUGHOLQHDWHWKLVDVSHFWRIWKH
SURFHVV +HWHURF\FOLF-GHULYHGVLODQRDWHDGGXFWVVXFK
DV S\ULG\O DQG IXUR\O EDVHG V\VWHPV ZHUH HIIHFWLYH
HQWULHV  ±  DV ZHOO DV D UDQJHRI DON\O-GHULYHG
VSHFLHVHQWULHV± 
7KHLQLWLDOWUHQGVRIUHDFWLYLW\QRWHGDERYHZHUHDJDLQ
REVHUYHG LQ WKLV SKDVH RI WKH VWXG\ LQ WKDW HOHFWURQ
GHILFLHQW DU\O KDOLGH FRXSOLQJ SDUWQHUV JHQHUDOO\
SHUIRUPHG EHWWHU WKDQ QHXWUDO VSHFLHV ZKLFK LQ WXUQ
ZHUH VXSHULRU WR PRUH HOHFWURQ ULFK V\VWHPV 2I
SDUWLFXODUQRWHLVWKDWZHZHUHDEOHWRSUHSDUHWKHDQWL-
DQGURJHQ DJHQW )OXWDPLGH  HQWU\  ZKLFK LV
XVHG IRU WUHDWPHQW RI SURVWDWH FDQFHU LQ H[FHOOHQW
\LHOGXVLQJWKHSURFHVVGHYHORSHGKHUH 
:HDOVRH[SORUHGDRQH-SRWSURFHVVIRUWKHSUHSDUDWLRQ
RI  ZKLFK REYLDWHV WKH QHHG WR LVRODWH WKH VLODQRDWH
DGGXFW6WDUWLQJIURPEHQ]RQLWULOHK\GURO\VLVWRWKH
VLODQRDWH DGGXFW LQ WROXHQH DW UHIOX[ IROORZHG E\
DGGLWLRQ RI EURPREHQ]HQH DQG 3GGED;3KRV 
PRO IXUQLVKHG WKH EHQ]DPLGH  LQ  LVRODWHG
\LHOG ZKLFK FRPSDUHV IDYRUDEO\ WR WKH RULJLQDO
K\SKHQDWHGSURFHVV 
/DVWO\ ZH VRXJKW WR GHWHUPLQH WKH DSSOLFDELOLW\ RI
VLODQRDWHDGGXFWVRIWKHW\SHLQRWKHUPHWDOPHGLDWHG
FRXSOLQJSURFHVVHV ,Q UHFHQW \HDUV WKH&KDQ-(YDQV-
/DP DU\ODWLRQ KDV HPHUJHG DV D YHUVDWLOH PHDQV RI
SUHSDULQJ DU\O DPLQH GHULYDWLYHV IURP WKH








Table 2 Investigation of substrate scope. 
 
 






1 Ph 5¶ + 3 R = H 77 
2 Ph 5¶ -NO2 4 R = 2-NO2 86 
3 Ph 5¶ -NO2 5 R = 4-NO2 72 
4 Ph 5¶ -OMe 6 R = 4-OMe 36 
5 Ph 5¶ -NO2, 
3-CF3 
7 R = 4-NO2, 
3-CF3 
72 
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3OHDVLQJO\ WKLV UHVXOWHG LQDQH[FHOOHQW LVRODWHG\LHOG
RI WKH WDUJHW EHQ]DPLGH KLJKOLJKWLQJ WKH XWLOLW\ RI
VSHFLHV VXFK DV  LQ UHODWHG FDWDO\WLF SURFHVVHV
$GGLWLRQDOO\ ZH DOVR H[SORUHG WKH DSSOLFDELOLW\ RI
DGGXFWV RI WKH W\SH  LQ WKH 7VXML-7URVW DOO\ODWLRQ
6FKHPH5HDFWLRQRIZLWKPHWK\ODOO\OFDUERQDWH




Scheme 3 Alternative metal-catalyzed cross couplings examined. 
,Q VXPPDU\ ZH KDYH GHPRQVWUDWHG WKH GHYHORSPHQW
RID3G-FDWDO\]HGFURVVFRXSOLQJRIQLWULOHGHULYDWLYHV
ZLWK DU\O EURPLGHV WKURXJK WKH LQWHUPHGLDF\ RI
VLODQRDWHDGGXFWVHQDEOLQJWKHIRUPDWLRQRIDUDQJHRI
DU\O DPLGH GHULYDWLYHV  7KH PHWKRGRORJ\ KDV EHHQ
DSSOLHG WR WKH V\QWKHVLV RI SKDUPDFHXWLFDOO\ UHOHYDQW
FRPSRXQGVVXFKDV)OXWDPLGHDVZHOODVVKRZLQJ
XWLOLW\ LQ RWKHU PHWDO FDWDO\]HG UHDFWLRQ PDQLIROGV
2SWLPL]DWLRQ DQG H[HPSOLILFDWLRQ RI WKHVH DGGLWLRQDO
SURFHVVHVZLOOEHUHSRUWHGLQGXHFRXUVH 
 





:H WKDQN WKH 8QLYHUVLW\ RI 6WUDWKFO\GH DQG $VWUD=HQHFD IRU












































(21) 5HSUHVHQWDWLYH 3URFHGXUH &RPSRXQG  1--
QLWURS\ULGLQ--\OEHQ]DPLGH 7R DQ RYHQ GULHG





WKHQ SXUJHG DQG -'LR[DQH  P/ DGGHG 7KH
UHDFWLRQPL[WXUHZDVWKHQKHDWHGDW&IRUPLQ
-EURPR--QLWURS\ULGLQH  PJ  PPRO 
HTXLY ZDV WKHQ DGGHG DQG WKH UHDFWLRQ WXEH SXUJHG




ZKLFK ZDV SXULILHG E\ IODVK FROXPQ FKURPDWRJUDSK\
(W2$F3HWUROHXPHWKHU -q& WR DIIRUG WKH












































PdP( tBu)3 (5 mol %)
 PhMe, D,16 h
 6<1/(77/(77(5 














K Pd2(dba)3 (20 mol%)
XPhos (20 mol%)
1,4-dioxane 
100 °C, 16 h
n  18 Examples
n  Up to 86% isolated yield
n  Application to drug synthesis
ArBr
